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SUMMARY 
The purpose of this study was to determine the influence of the 
advance in season on the nutritive value of forage consumed by 
cattle grazing western Nebraska summer range. Eleven digestion trials 
were conducted during the summer grazing season of two consecutive 
years. 
Esophageal fistulated cattle were used to collect samples of the 
diet. Digestibility was estimated by the lignin ratio technique. 
Collection bags and the chromic oxide ratio technique using 
chromic oxide impregnated paper were used to estimate total fecal 
production. Total forage consumption was computed from the ra tio of 
total fecal production to indigestibility and by the before and after 
clipping technique. 
Energy digestibility was higher but showed less change during the 
year in which there was less precipitation. A sharp decrease in energy 
digestibility was noted in the later part of the season in which there 
was more rainfall and an abundance of mature £orbs in the diet. 
The nitrogen content of the diet was higher in the year in which 
there was more precipitation and an abundance of £orbs. A logarithmic 
decrease in dietary nitrogen occurred with the advance in season 
during both years. 
Total forage consumption increased somewhat with the advance 
in season and was greater during the year in which precipitation was 
less and grass constituted nearly all of the diet. 
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Influence of Advance 
Nutritive Value of 
in Season on 
Forage Consumed 
Western Nebraska 
Range 
By Cattle Grazing 
Native 
By C. L. Streeter, D. C. Clanton, 0 . E. Hoehne1 
INTRODUCTION 
Studies have shown that native range in western Nebraska provides 
adequate nutrients for the growth and development of grazing cattle 
until mid-summer when precipitation diminishes and forage begins 
to mature. 
The nitrogen or crude protein content of herbage samples obtained 
from pastures in which experimental animals were grazing has been 
found to fall below the National Research Council's recommended 
level at the end of the summer grazing season. However, change in 
the nitrogen content of the herbage has not always explained the varia-
tion in growth responses of grazing cattle. 
The inconsistency of plant and animal responses could arise because 
nutrients other than nitrogen may be limiting in the summer. Also, 
the samples of herbage may not have represented the forage actually 
being consumed by the grazing animals. 
It is with this in mind that an exploratory project was initiated in 
1964 in which esophageal fistulated cattle were used to sample the 
forage consumed by grazing animals. 
Dietary and fecal samples were obtained periodically during the 
summer grazing season of two consecutive years. Nutritive value was 
estimated from measurements of digestibility and total forage consump-
tion. From these studies an attempt was made to infer the influence of 
advance in season on the nutritive value of forage consumed by graz-
ing cattle. 
1 C. L. Streeter and 0 . E. Hoehne are former graduate students in the Animal 
Science Department, receiving their Ph.D.'s in 1966. D. C. Clanton is Professor, 
Animal Science, North Platte Station . The authors acknowledge the assistance of 
D. F . Burzlaff, Professor of Agronomy, for providing the study area and assisting 
with the study. The study was supported in part by ARS Regional Funds allo-
cated to a project contribution to NC-64, "The Development and Application of 
Laboratory Methods for Determining Forage Quality." 
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LITERATURE REVIEW 
It is generally agreed that nutritive value decreases as forage plants 
mature. Throwbridge et al., (1915) and Huffman (1939) found that 
the percentage of nitrogen in the plant decreases and the percen tage 
of crude fiber increases as plants mature. 
The digestibility of nitrogen and crude fiber presen t in native h ay 
has been shown to decrease as the cutting elate was delayed (Brigg 
et al., l 948; and Embry et al., 1956) . 
Weight gains of cattle feel hay harvested at differen t stages of 
maturity have been shown to be less when animals were feel more 
mature hay (Baker et al., 1951; and Moxon et al., 1951). 
Weight gains of grazing cattle have been shown to decrease during 
the summer grazing season (Savage and H eller, 1947; an d Hormay, 
1961). This decreased gain is assumed to result from a decrease in the 
nutritive value of the consumed forage as it matures with the advanc-
ing season. 
However, this conclusion can be drawn only by correlation between 
separate studies of animals and forage plants, because the nu tr itive 
value of the forage actua lly consumed was not determined as the grow-
ing season advanced. 
Torell (1954) and Cook et al., (1958) found that representative 
samples of the grazing animals' diet could be obtained by collecting 
forage samples from esophageal fistulatecl animals. 
Nutritive value of forage can be determined by estimating its d igest-
ibility and total consumption. This is a relatively simple procedure in 
the feedlot where weighings of the amount of feed and feces can be 
made. 
However, total consumption of grazed forage cannot be measured 
directly and one must rely on some indirect approach . 
Heller et al., (1928) suggested that digestibility could be estimated 
from the ratio of the concentration of an inert internal indicator pres-
ent in the feed and feces. Various other indirect techniques have also 
been proposed and are discussed in some detail by Streeter (1966) . 
It can be shown by simple algebraic manipulation of the parameters 
involved in the computation of digestibility with a conventional diges-
tion trial that total forage consumption is equivalent to the ratio of 
total fecal production to one minus digestibility. This again requires 
an estimate of digestibility in addition to a measure of total fecal 
production. 
Garrigus (1934) described a method by which the total feca l produ c-
tion of grazing animals could be measured with collection bags. The 
use of an external indicator, chromic oxide, in conjunction with "rectal 
grab" sampling was used by Kane et al., (1952) as a method of esti-
mating fecal production. 
This method reduced much of the labor and stress involved in 
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total fecal collection but was found to yield more variable results. 
Numerous reports have been made about the use of external indi-
cators and grab sampling but their success seems to vary with the 
investigator (Streeter, 1966). 
EXPERIMENTAL PROCEDURE 
During the summer grazing season of 1964, six digestion trials were 
conducted with six esophageal fistulated yearling Hereford steers 
(Table 1). A description of the fistulation procedure and types of can-
nulae used was reported by Hoehne (1966). 
The study plots were on a sands range site at the Scotts Bluff 
Experimental Range, ten miles north and two miles west of Scottsbluff, 
Nebr. 
A 19.3-acre area was enclosed by a permanent fence (Figure 1). A 
catch pen containing water and mineral supplement was located in 
the center of the pasture. During each trial the animals grazed three 
equa l-sized areas which were triangular in shape and enclosed on two 
sides with an electric fence radiating from the catch pen. 
The rotation involved a continuous clockwise movement of the 
cattle from one triangular area to another every three clays. 
In each trial dietary samples were collected via esophageal fistulae 
for six consecutive clays per trial. The collections were made at various 
times of the clay during the first trial in order to determine the most 
suitable time to sample. 
For the remainder of the trials the samples were collected at 6 a.m. 
on the first and fourth days and at 6 p.m. on the second, third, fifth 
and six th clays. 
Each clay in which esophageal samples were obtained, the steers 
were caught and tied in the catch pen. The esophageal cannulae were 
then removed and collection bags placed on the animals' necks. 
The steers were moved from the pen into the trial area and allowed 
to graze ·without disturbance for approximately 30 minutes. After 
returning to the pen, the steers were caught, the esophageal collection 
bags removed, the esophagi cleared of forage and the cannulae re-
p laced. The animals were then returned to the trial area. 
The ca ttle were left on pasture 24 hours each clay during the first 
trial. However, during the remaining trials the animals were kept in 
the catch pen for approximately 12 hours until sampling time the 
following clay. 
Five digestion trials were conducted with five esophageal fistulated 
yearling Hereford heifers during the summer growing season of 1965 
(Table 1). 
It was necessary to use a different study area in 1965 because of 
the low vigor of the plants growing in the area used in 1964. A 20-acre 
pasture (Figure 1) was located about .3 of a mile from the area used 
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Table !.- Grazing schedule. 
No. Area/ trial 
Trial animaJsa Dates of dietary samp ling (acres) 
1964 
1 3 June 9 through 14 1.2 
2 4 June 21 26 1.2 
3 4 July 3 8 1.2 
4 5 July 21 26 1.2 
5 6 Aug. 11 16 1.2 
6 6 Sep. 1 6 1.2 
1965 
1 5 June 9 through 14 4.0 
2 5 June 22 27 3.2 
3 5 July 8 13 2.8 
4 4 Jul y 28 Aug. 2 2.5 
5 3 Aug. 24 29 2.5 
a Unequal animal numbers between trial s were necessary because improper hea ling or inju ry 
of esop hageal fi stulae prevented their use. 
in 1964. An attempt was made to select a site containing a vegetation 
composition similar to that used in 1964 but containing plants which 
were less influenced by the low preci pita ti on and overgrazing of the 
previous year. 
The pasture was divided into five rectangular trial areas of unequal 
sizes. Each digestion trial involved the use of a new trial area. 
A catch pen was located in the center of one side of the pasture 
and lanes were used to move the heifers from the pen to the trial areas. 
Dietary samples were collected as in 1964, except that the sampling 
time was 4:30 a.m. each day of the collecting period. In an attempt 
to reduce the undesirable effects of fasting, the heifers were kept in 
the catch pen only eight hours before collecting the esophageal 
samples. 
Collection bags and the chromic oxide ratio technique using 
chromic oxide impregnated paper as described by Streeter (1966) were 
used to estimate total fecal production. 
The nutritive value of the consumed forage was estimated from 
the digestible energy and Kjeldahl nitrogen content of die tary samples 
and from total forage consumption. 
Digestibility was estimated by the lignin ratio technique (Forbes 
and Garrigus, 1948). The lignin content of esophageal and fecal 
samples was determined by the procedure proposed by Van Soest 
(1963). 
The esophageal and feca l samples were also analyzed for gross 
energy (Parr Instrument Co., 1948), dry matter (A.O.A.C. , 1960-
Method I modified to atmospheric pressure), ash and Kjeldahl nitrogen 
(A.O.A .C. 1960). 
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Figure l. Pasture rotation schem es u sed in grazing stu dies." 
a Nu merals within shaded areas refer LO tri al number. 
During both years total forage consumption was determined from 
the ratio of fecal production to indigestibility. In 1964 total forage 
consumption was also estimated by the before and after clipping tech-
nique as proposed b y Cook et al., (1954). 
In Trial l , a one square meter quadrat was clipped one centimeter 
above ground level in each of 30 stratified subplots before and after 
the grazing period. 
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In the remaining five trials, 20 square meter quadrats were clip ped 
before and after the grazing period. 
Several species of cactus and sagebrush were in the pasture but 
were not clipped as they were rarely eaten. Weights of the clipped 
vegetation were obtained after the samples had dried for 72 hours 
at 50° C. The difference between the total dry weight of herbage 
clipped before and after grazing was used as a measure of total forage 
consumption. 
The difference between the relative dry weights of the individual 
species clipped before and after grazing was used as a measure of th e 
botanical composition of the forage consumed in Trial 1 and 2. 
During the last four trials conducted in 1964 and throughout the 
1965 trials, the botanical composition of the forage consumed by each 
animal was determined by hand separation of esophageal samples. 
Duplicate 50-gram samples of wet material were separated and th e 
relative quantities of the individual species of vegetation were deter-
mined from dry weights of the separated samples. 
In 1964 the herbage clippings made before each grazing period 
were used to estimate the botanical composition and yield of available 
herbage. Similar measurements were made in 1965 by clipping twenty-
square-meter quaclrats before each grazing period. 
In 1964 samples of individual forage species were obtained by 
removing the bottom portion of clippings made before grazing at a 
level equivalent to the mean stubble height. 
The mean stubble height was determined by measuring the height 
of ten grazed plants of each species at ten random locations with in 
each trial area. In 1965 samples of individual forage species were 
obtained by the hand plucking technique described by Cook et al., 
(1954) . 
Individual forage species samples collected during both years were 
ground through a 1 mm. screen in a Wiley Mill and analyzed for 
Kjelclahl nitrogen (A.O.A.C., 1960) and in vitro cellulose digestib ili ty 
(Baumgardt et al., 1962). 
The in vitro analysis involved two separate fermentation trials in 
which each forage species was represented once. Innocula were 
obtained from a rumen fistu latecl steer feel alfalfa hay ad libitum. 
RESULTS AND DISCUSSION 
At the initiation of the study it was felt that the botanical composi-
tion of the pasture was sufficiently homogenous to permit using sep a-
rate subdivisions of the pasture for each digestion trial. In such a 
scheme the animals could consume only plants which were increasing 
in maturity rather than consuming regrowth material. 
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During the course of the experiment, it became apparent that con-
siderable differences existed in the botanical composition of individual 
trial areas. The rotational grazing scheme thus resulted in a confound-
ing of advance in season with trial location. 
The resolution of the confounding would have required replicat-
ing trial areas within trial dates. Such a design would have been 
impractical because of the need of an excessively large number of 
animals. 
Although it was recognized that confounding occurred it is assumed 
most of the differences were due to the advance in season rather than 
the trial location. 
Digestibility 
The digestible energy content of the forage consumed in 1964 
decreased during June and thereafter gradually increased until the 
termination of the study in early September (Figure 2). 
In early June, the steers consumed primarily needleandthread 
(Stipa comata) but changed to prairie san<lreed (Ca /a movilfa /ongi-
folia) in late June (Figure 3). 
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Thereafter, prairie sandreed was the major species in the diet until 
late July when it was replaced by blue grama (Bouteloua gracilis). 
The drop in digestible energy in early June was attributed to th e 
decrease in the digestibility of the needleandthread grass which was 
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consumed during this time. This was supported by in vitro cellulose 
digestibility of hand clipped samples of needleandthread grass (Figure 
4) . 
The continual replacement of a species of lower digestibility with 
a species of high er digestibility resulted in a slight increase in digestible 
energy from late June to early September. 
The nitrogen content of the forage consumed in 1964 decreased 
until early August when it increased slightly (Figure 5). 
The decrease in the nitrogen content of the diet during June and 
July was attributed to the decrease in the nitrogen content of all 
species of forage con sumed during that period (Figure 6). 
The slight increase in the nitrogen content of the diet in August 
was attributed to the consumption of relatively large quantities of blue 
grama which contained more nitrogen than needleandthread and 
prairie sandreed which had been the main constituents in the diet 
during June and July. 
There was a more vigorous growth of herbage in 1965 than in 
1964 (Figure 7). This was attributed to the large quantity of precipita-
tion that fell in 1965, fo llowing the relatively small amount falling 
in 1964 (Table 2). 
The available herbage also contained a smaller quantity of £orbs 
in 1964 than in 1965 (Figures 8 and 9 respectively) . 
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Table 2.-Accumulated p recipitation that fell between mid-Apri l and each grazing 
study in 1964 and 1965. 
1964 1965 
Trial Date• P pt (in ) D a te Ppt (in ) 
Preliminary April 30 1.3 April 30 0.0 
Period May 31 2.9 Ma y 31 3.9 
I June 9 3.2 Jun e 9 4.5 
2 June 21 3.9 June 22 6.7 
3 July 3 5.0 July 8 7.9 
4 July 21 5.2 Jul y 28 11.8 
5 Aug. 11 5.2 Aug. 24 13.7 
6 Sept. 1 5.2 
• "Date'' is th e first day during which dietary samples were obtai ned except during preliminary 
period when precipitation was measured monthl y. 
The ra pid drop in d igestible energy in July of 1965 ca n be asso-
ciated with the consumption of one of these £orbs, lambsquarters 
(C henopodium pratericola) (Figure 10). 
The lambsquarters began to set seed in ea rly July (Table 3), and 
by the last of the month most plants of this species bore large quan-
tities of seed . 
Many of the seeds of this plant were observed in the dietary samples 
collected during this period. The seed coats were quite .h ard and 
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appeared to be highly lignified. The presence of these seeds in th e 
diet apparently increased the lignin content and resulted in a decrease 
in digestible energy. 
The digestible energy content of the forage consumed in 1965 
increased slightly in August. During this time more prairie sandreed 
was consumed than larnbsquarters. 
The in vitro cellulose digestibili ty of lambsquarters was consider-
ably higher than tha t of prairie sandreed (Figure 11). This would 
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Table 3.-Vegetative and reproductive stages of important forage species at time o( 
grazing studies. 
1964 1965 
Trial Needleand- 1 Prairie Blue \ ""'""' I 
Prai r ie Blue Lambs-thread sand reed grama thread sand reed grama 
grass grass grass grass grass grass q uarters 
I A- VM \IM VM VM VM \IM 
2 A+ VM v;vr VM \IM J A-
3 s J 1 1 ] A- A+ 
4 s A- I I A- A+ s 
5 s A I I A+ s s 
6 s A+ I 
Vi\1 VegetaLive matu ration process, no reproducti ve parts evident, active vegetative growth 
occurring 
J Jo inting, reproductive sta lk exerted, active vegetative growth occurring 
A- Pre-anthesis, inflo rescence cxcn cd 
A Anthesis, flowering occurring 
A+ Post-anthesis, development of cariopsis, vegetative growth ceasing 
S Senescence, that period after the cessation of vegetative growth in plants in which anthesis 
occurred 
I Inacti vity, that period after the cessation of vegetative growth in plants in which anthesis did 
not occur 
lead one to believe that the digestible energy of the diet should have 
decreased rather than increased during the month of August. 
The discrepancy between the results of the in vitro and in vivo 
studies was attributed to the presence of lignin in the seed coat of 
lambsquarters which was not physically or chemically bound to 
cellulose. 
The presence of lignin in this form would not h ave influenced 
the in vitro digestibility of cellulose but would have resulted in a 
decreased in vivo energy digestibility as constituents other than cellu-
lose contribute to gross energy. 
The seeds passed through the animals undigested thus contributing 
to low energy digestibility. Consequently, in vitro digestibility of the 
cellulose fraction did not give an accurate estimate of in vivo energy 
digestibility. 
The nitrogen content of the diet decreased more rapidly in 1965 
than in 1964, (Figure 5). This was attributed to a more rapid decrease 
in the nitrogen content of the individual forage species which were 
consumed in 1965 as compared to 1964 (Figure 12 and 6, r espectively). 
It is of interest to note that, unlike the digestible energy content of 
the diet, the nitrogen content was higher in 1965 than in 1964. This 
would indicate that the protein and energy contents of range forages 
are not influenced similarly by changes in environmental conditions. 
Total Forage Consumption 
High plot variation and one negative consumption value indicated 
that the "before and after" method was unreliable for measuring total 
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Figure 11. Influence o[ advance in season on cellulose digestibility in vitro 0£ forage 
species in 1965. 
forage consumption. All subsequent estimates of total forage con-
sumption were, therefore, made from the ratio of fecal production to 
indigestibility. 
In 1964 no large change in the total forage consumption of the 
grazing animals was found during June; however, a steady increase 
was noted from early July to early September (Figure 13). 
Information concerning the mech anism controlling· total forage 
consumption is limited; however, in this study both dry matter 
conten t and dry matter digestibility were positively correla ted wi th 
total forage consumption (Streeter et al., 1966). 
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Increased forage consumption from J u ly through August was 
a ttributed to th e increased dry m a tter content of the forage d u ring 
that period (Figure 14). 
Little change occurred in the tota l forage consumption o f the 
grazing animals in I 965 . The dry m a tter con tent of th e diet and cl rv 
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m a tter digestib ili ty remained rela tively unch anged u p to ear ly July 
(Figures 14 and 15, respectively). After this time the effect of the 
increase in the dry matter content of the diet on forage consump tion 
was ap paren tly can celed by a decrease in dry matter digestibility. 
The fact that total forage consumption was lower throughout the 
1965 grazing season than in 1964 was a ttr ibuted to the lower dry 
m a tter conten t and dry m atter digestibili ty of the forage tha t was 
consumed in 1965. 
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These results are not in complete agreement with those of Reid 
et al., (1950) or Connor et al., (1963) who found that the dry matter 
digestibility and the consumption of forage by grazing animals de-
creased as the growing season advanced. 
However, wide changes in environmental conditions and differences 
in plant species often accompany changes in geographical location. 
Factors such as soil fertility (Beeson, 1941; and Cook and Harris, 1950), 
light intensity (Watkins, 1940; and Pritchett and Nelson, 1951), temp-
erature (Brown, 1939; and Sullivan and Sprague, 1949) and plant 
species (Kennedy and Dinsmore, 1909; and v\Tatkins, 1940) have been 
shown to alter the chemical composition of plants grown a t the same 
stage of maturity. 
The chemical composition and nutritive value of the forage con-
sumed by grazing animals, therefore, varies from one region of the 
United States to another. Such differences necessitate the determina-
tion of forage nutritive value and nutrient requirements under local 
environmental conditions. 
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